The motion of ferroelectric domain walls (DW) is critical for various technological applications of ferroelectric materials. One important question that is of interest both scientifically and technologically is whether the ferroelectric DW has momentum. To address this problem, we performed canonical ensemble molecular dynamics simulations of 180 • and 90 • DWs under applied electric field. Examination of the evolution of the polarization and local structure of DWs reveals that they stop moving after the removal of electric field. Thus, our computational study shows that ferroelectric domain walls do not have momentum.
Ferroelectric materials have been studied intensively due to their numerous important technological applications in electronics, optics, and acoustics. [1] [2] [3] [4] In many cases, ferroelectrics adopt a multi-domain state where domains with polarization uniformly oriented in one direction are surrounded by domains with polarization pointing in other directions. The boundary separating regions of different polarity is called a domain wall (DW).
[1] The DW can be moved by external electric field and stress, causing one region to grow. Therefore, controlling DW motion is critical to applications of ferroelectric materials such as non-volatile random access memory. [5] [6] [7] [8] Though ferroelectric materials have been studied extensively for more than fifty years, the microscopic understanding of how different types of DWs form and move remains incomplete. One unanswered question is whether ferroelectric DWs exhibit real momentum. It is generally assumed that a ferroelectric DW has real inertia, whereas the magnetic DW has no momentum. [9] However, there are no conclusive observations, either experimentally or computationally, to support the existence of momentum of ferroelectric DWs. On the other hand, recent experimental studies reveal that magnetic domain walls can exhibit significant momentum. [10] To model the dynamics of DWs, the simulation of a large system at finite temperature is usually required. To enable such simulations, we have recently developed a new type of interatomic potential based on bond-valence theory. [11] [12] [13] [14] [15] The model potentials for two ferroelectric materials, PbTiO 3 and BiFeO 3 , have been parametrized based on first-principles results. [14, 15] The optimized potential is accurate for both constant volume (NV T ) and constant pressure (NP T ) conditions and sufficiently efficient for large-scale (≈1,000,000 atoms) molecular dynamics (MD) simulations.
In this work, we use MD simulations to study the momentum of DWs in the classic PbTiO 3 ferroelectric. As shown in Figure 1 , the 180
• DW (the wall separating regions with antiparallel polarization) is constructed with a 24 × 8 × 8 supercell with polarization aligned along z axis. then the field is turned off allowing the DWs to evolve freely. If the DW has real momentum, it will keep moving after the electric field stimulus is removed. Given that accurate determination of the DW position is critical for the evaluation of momentum, we first determined the thickness of DWs. As shown in Figure 2 , we calculated the averaged polarization for each layer of cells across the DWs at temperatures from 10 K to 240 K. We found that the 180
• DW is 1-2 unit cells thick, while the width of 90
• DW is 4-5 unit cells (the half width of the polarization profile around the domain boundary) at finite temperature.
The change of the overall polarization of the supercell directly reflects the DW motion. Figure 3 presents the change of P z for 180
• DW under various pulses at 220 K. As the electric field is applied along +z direction, the magnitude of P z increases, suggesting the field-driven movement of DW along +x. Once the field is turned off, two types of equilibrations are observed: 1) the magnitude of P z is reduced until it reaches equilibrium, for example for E = 1.8 MV/cm, t E =4 ps; 2) the magnitude of P z first decreases, then increases by a small amount and eventually equilibrates, for
To elucidate the origins of these two types of equilibrations, we then carried out a close examination of the structure of 180
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